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Abstract 
Background: Acute kidney injury (AKI) is a major clinical problem in 
situations such as shock, sepsis, and kidney transplantation, and also 
occurs as a side effect of some drugs. Gentamicin (GM) is an effective 
antibiotic against severe gram-negative infections. However, it can 
produce AKI in humans. Reactive oxygen species (ROS) have been 
proposed as the causative factor for the renal side effects of GM. This 
study was performed to investigate the protective role of sulfur dioxide 
(SO2) against GM-induced acute kidney injury in rats. 
Methods: Male Wistar rats were randomly assigned to one of the 
following groups: 1, sham group; 2, GM group (100 mg/kg i.p. for 7 
days); and 3, GM+SO2 group (5 μg/kg i.p. for 7 days). On day 8, renal 
tissues were collected for oxidative stress assessment. To compare the 
groups, superoxide dismutase (SOD) and catalase (CAT) in renal 
tissue were measured. 
Results: GM caused significant acute kidney injury as demonstrated by 
the increase in BUN and creatinine levels in plasma. The decrease in 
renal tissue SOD and CAT levels revealed that oxidative stress 
occurred in the kidney. In the GM+SO2 group, SO2 prevented GM-
induced reduction in SOD and CAT levels to some extent. 
Conclusions: These findings suggest that SO2 partly protects the 
kidneys from GM-induced nephrotoxicity by its antioxidant effect. 
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Introduction 
Acute kidney injury (AKI) is a major clinical problem that 
occurs in some of the hospitalized patients, especially in 
intensive care units. Gentamicin (GM)-induced acute renal 
failure has been commonly used as a validated animal model to 
research acute kidney injury in experimental studies. 
Aminoglycoside antibiotics including gentamicin produce 
nephrotoxicity in humans.1,2 These adverse renal effects may be 
induced by the generation of reactive oxygen species (ROS).3 
There are reports that antioxidant administration ameliorates 
GM-induced nephropathy.4 Superoxide dismutase (SOD) and 
catalase (CAT) are the most important enzymatic antioxidant 
systems in the body.5 SOD, as the first and most important line 
of defense against reactive oxygen metabolites (ROM), 
transforms superoxide ion to H2O2 that is a less reactive 
molecule.5 CAT is a regulator of H2O2 metabolism and 
converts H2O2 into water. It is a tetrameric hemin-enzyme 
consisting of four identical tetrahedral arranged subunits.6 
Sulphur dioxide (SO2) is a sulfur-containing gas that is 
considered as a common air pollutant. Recently, it has been 
shown that SO2 is a signaling molecule that is generated 
endogenously in mammalian tissues. It exerts significant 
biological effects such as antioxidant activity. Moreover, by 
administering SO2 derivatives (bisulfite and sulfite), SO2 is 
produced in mammalian body.7,8 However, the biological 
effects of SO2 are not completely understood.  
Wang et al. found that pretreatment with a SO2 donor (1–5 
μmol/l) for 5 min before ischemia improved the recovery rate 
of LV± dp/dtmax and heart rate in isolated rat heart following 
ischemia/reperfusion (I/R) injury. This indicated that SO2 
pretreatment improved cardiac function in hearts with I/R 
injury in vitro.9 In rats treated with a high cholesterol diet for 8 
weeks, plasma total cholesterol increased, and high-density 
lipoprotein cholesterol decreased. After treatment with a SO2 
donor (NaSO3/NaHSO3, 0.54 mmol/kg: 0.18 mmol/kg injected 
intravenously daily), the plasma levels of triglyceride and low-
density lipoprotein cholesterol were markedly decreased. In 
addition, the SO2 donor significantly decreased atherosclerotic 
lesions.10 Chen et al. reported that SO2 has beneficial effects on 
lung injury by diminishing oxidative stress. Its administration 
profoundly reversed the elevated levels of OH- and H2O2 and 
significantly attenuated the malondialdehyde (MDA) levels in 
oleic acid-induced acute lung injury.7 Jin et al. showed that 
apoptosis and the bcl-2/cytc/caspase-9/caspase-3 pathway in 
heart were inhibited by the intraperitoneal injections of SO2 
derivatives. For SO2 administration, they used intraperitoneal 
injections of Na2SO3/NaHSO3.
11,12 
In the present study, SOD and CAT levels of renal tissues, 
as important antioxidant indices, were assessed followed by 
GM-induced AKI. Then, effects of SO2, as a novel antioxidant, 
were evaluated. 
Materials and Methods  
Male Sprague-Dawley rats (200 to 250 g) were maintained 
at room temperature (22 ℃±2 ℃) with a 12:12-h light–dark 
cycle and with free access to standard diet and water. Animal 
care was in compliance with the guidelines of the animal and 
human ethics committee of Shahroud University of medical 
sciences. Rats (N=27) were randomly assigned to 3 groups: 1, 
sham group; 2, GM group; and 3, GM+SO2 group. In the sham 
group, 0.5 ml normal saline was injected intraperitoneally for 7 
days. In the GM group, 100 mg/kg gentamicin in 0.5 ml normal 
saline was injected intraperitoneally for 7 days. Finally, in the 
GM+SO2 group one hour before each GM injection, SO2 (5 
μg/kg) was injected intraperitoneally. The SO2 group was 
administered an intraperitoneal injection of a SO2 donor, 
Na2SO3/NaHSO3, which was dissolved in 0.5 ml normal saline 
(1:3 M/M). On day 8, after general anesthesia, renal tissues of 
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all animals were collected for oxidative stress assessment. 
Blood samples were obtained from the heart with heparinized 
syringes and centrifuged at 4000 g for 10 min at 4 °C. Plasma 
samples were collected for biochemical analysis. Plasma 
concentrations of blood urea nitrogen (BUN) and plasma 
Creatinine were evaluated by colorimetric methods using 
commercially available kits. 
Renal SOD activity was determined by the method of 
Paoletti and Mocali.13 In this method, superoxide anions are 
generated from oxygen molecules in the presence of 
EDTAMnCl2 and mercaptoethanol. NAD (P) H oxidation is 
linked to the availability of superoxide anions in the medium. 
As soon as SOD is added to the assay mixture, it inhibits 
nucleotide oxidation. Therefore, at high concentration of the 
enzyme, the absorbance at 340 nm remains unchanged. 
CAT activity was determined by Aebi’s method.6 
According to this method, the activity of CAT can be measured 
by decomposition of H2O2. The remaining substrate 
concentration at a given moment of the reaction can be 
determined by UV spectrophotometry at 240 nm. 
Results are expressed as means±standard error of mean 
(SEM). The statistical significance was determined by using 
one-way analysis of variance followed by Tukey's post-hoc 
test. Significant level was set at 0.05. 
Results 
Acute kidney damage was seen in the GM group with 
increased plasma BUN and Creatinine compared with the sham 
group (table 1). 
Table 1. Biochemical parameters in groups 
Biochemical parameters Sham* GM† GM+SO2
‡ 
Plasma Creatinine, mg/dl 0.62±0.04 2.9±0.1 § 2.7±0.19 § 
Plasma BUN, mg/dl 21±1.9 155±8.11 § 120±8.91 §|| 
*0.5 ml normal saline i.p. 
†Gentamicin (100 mg/kg in 0.5 ml normal saline i.p.). 
‡Sulphur dioxide (5 μg/kg i.p) +Gentamicin (100 mg/kg in 0.5 ml normal saline i.p.). 
§Denotes P<0.01 compared with sham.  
||Denotes P<0.05 compared with GM. 
Intraperitoneal injection of GM (100 mg/kg) for 7 days led 
to decreases in renal SOD and CAT activities (figures 1 and 2). 
Figure 1. Renal SOD (mean±SEM) 
*Denotes P<0.01 versus sham group; # Denotes P<0.05 versus (ischemia 
reperfusion) IR group 
Figure 2. Renal CAT (mean±SEM) 
*Denotes P<0.01 versus sham group; # Denotes P<0.05 versus IR group 
SO2 injection at a dose of 5 μg/kg caused an increase in 
SOD and CAT activities in contrast with the sham group. Also, 
SO2 diminished plasma BUN in this group in contrast with the 
GM group (table 1). 
Discussion 
GM-induced acute renal failure has been commonly used 
as a suitable animal model for AKI research.14 GM is an 
aminoglycoside antibiotic which is used to treat severe gram-
negative infections. In spite of the undesirable side effects such 
as hepatotoxicity, nephrotoxicity, and ototoxicity, GM is 
commonly used.15 
In the present study, intraperitoneal injections of GM (100 
mg/kg) for 7 days resulted in a decrease in plasma BUN and 
Creatinine that demonstrated acute renal failure. Moreover, 
SOD and CAT activity in the renal tissue of GM group 
decreased compared with the sham group. Some researchers 
have shown GM-induced oxidative stress with evaluation of 
oxidative stress indices. Otunctemur et al. reported that the 
glutathione levels in renal tissue of GM-treated rats were 
significantly lower than those in control group. In addition, the 
group given GM showed significantly higher MDA levels in 
the renal cortical tissue than control.16  
Intraperitoneal injection of Na2SO3/NaHSO3, a SO2 donor 
which was dissolved in 0.5 ml normal saline (1:3 M/M), caused 
an increase in renal tissue SOD and CAT activity. The 
gasotransmitter SO2 is a signaling molecule that was 
traditionally considered as an atmospheric pollutant.17 SO2 can 
be generated endogenously in mammalian tissues, and it exerts 
significant biological effects such as antioxidant activity.8,11 It 
has recently been shown to be produced by mammalian 
cells.12,17 Also, by administering SO2 derivatives, 
NaHSO3/Na2SO3 (1:3 M/M), SO2 is produced in our body pH.  
Chen et al. demonstrated that SO2 has a protective effect on 
lung injury by inhibiting oxidative stress. MDA generation was 
significantly augmented in oleic acid-induced acute lung injury, 
but SO2 significantly attenuated the MDA levels and inhibited 
lipid peroxidation. Moreover, antioxidant capacity was 
augmented by SO2 administration. SO2 administration 
significantly increased total antioxidant capacity and levels of 
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catalase, SOD, and glutathione peroxidase (GPx) in oleic acid-
treated rats.7 
Liang et al. reported that SO2 (intraperitoneal injection of 
85 mg/kg for 7 continuous days) increased myocardial SOD, 
GPx levels, and messenger ribonucleic acid (mRNA) 
expression, and decreased H2O2 and ROS in isoproterenol-
induced myocardial injury in rats.18 
Hongfang et al. studied the regulation of mitochondrion-
related cardiomyocyte apoptosis in rats with 
isopropylarterenol-induced myocardial injury and reported that 
apoptosis and the bcl-2/cytc/caspase-9/caspase-3 pathway in 
myocardial tissues were diminished by intraperitoneal 
injections of SO2 derivatives for 7 days.12 
In rats with pulmonary hypertension induced by high 
pulmonary blood flow, SO2 upregulated the endogenous H2S 
pathway and improved pulmonary hypertension.19 A 
mechanism that probably diminished the oxidative stress might 
be the upregulation of H2S, a sulfur containing antioxidant, that 
limits cell damage and death.20 
In conclusion, our results indicate that intraperitoneal 
injection of Na2SO3/NaHSO3 as a SO2 donor partly protected 
the kidneys from GM induced AKI by its antioxidant effect. 
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